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(57) Abstract: In one embodiment, a flow control valve includes a valve body having an inlet, an outlet, a flow passageway coupling 
the inlet to the outlet, and a cavity with first and second chambers. The valve further includes a hollow piston disposed in the first 
chamber and a seal separating the first and second chambers. The seal has a section within the piston that is exposed to the fluid 
in the first chamber. The section of the seal defines a first effective area. The valve also includes a biasing member configured to 
urge the piston, and a reference pressure passageway in fluid communication with the inlet and the second chamber. The valve can 
further include a piston seat that has a second inner effective area at least approximately equal to the first inner effective area. 
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FLOW CONTROL VALVES 


TECHNICAL FIELD 

The present invention relates to constant flow control valves. More 
particularly, the invention is directed toward valves that include a piston working in 
conjunction with an upstream or downstream restriction to maintain a substantially 
constant flow despite changes in the pressure drop across the valve. 

SUMMARY 

One aspect of the invention is directed to a flow control valve for providing a 
substantially constant flow of fluid through the valve. In one embodiment, the valve 
includes a valve body having an inlet, an outlet, a flow passageway coupling the 
inlet to the outlet, and a cavity intersecting the flow passageway. The valve further 
includes a hollow piston movably disposed in the cavity adjacent to the flow 
passageway. A seal is positioned proximate to the piston and separates the cavity 
into first and second chambers. The seal has a section within the piston exposed to 
the fluid in the first chamber. The section of the seal defines a first effective inner 
area. The valve also includes a biasing member configured to urge the hollow 
piston in a first direction and a reference pressure passageway in fluid 
communication with the inlet and the second chamber. The valve further includes a 
member positioned at least proximate to the piston through which the flow 
passageway passes. The member has a second inner effective area at least 
approximately equal to the first inner effective area defined by the section of the 
seal. 

In one aspect of this embodiment, the valve is configured so that changes in 
the pressure drop across the valve do not generally affect the flow rate of the fluid 
passing through the valve. In another aspect of this embodiment, the valve further 
includes an adjustable throttling member positioned in the flow passageway 
downstream of the reference pressure passageway and upstream of the first 
chamber. The throttling member can be movable to vary the flow rate of the fluid 
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passing ^caugmteelfaM. intknother aspect of this embodiment, me seal can be a 
diaphragm seal having central and perimeter portions coupled to the valve body and 
an annular portion between the central and perimeter portions. The annular portion 
can be positioned to contact a head of the hollow piston. The diaphragm seal can 
also include a first convolution radially outside the head and a second convolution 
radially inside the head. Alternatively, the valve can include a first seal between the 
valve body and the head radially outside of the hollow piston and a second seal 
between the valve body and the head radially inside of the piston. 

In another embodiment, a valve includes a valve body having an inlet, an 
outlet, a flow passageway coupling the inlet to the outlet, and a cavity intersecting 
the flow passageway. The cavity includes a first chamber and a second chamber, 
and the second chamber has a generally hollow configuration. The valve further 
includes a piston assembly having a hollow piston body, a support member coupled 
to the hollow piston body, and a poppet coupled to the support member. The hollow 
piston body is disposed in the second chamber, and the support member and the 
poppet are disposed in the first chamber. The valve also includes a seal having a 
section separating the first and second chambers. The section of the seal has a first 
effective inner area. The valve further includes a biasing member configured to 
urge the hollow piston body toward the first chamber in a first direction and a 
reference pressure passageway in fluid communication with the outlet and the 
second chamber. The fluid in the first chamber is configured to exert a force against 
the section of the seal in a second direction opposite the first direction. The valve 
further includes a piston seat positioned to selectively engage the poppet. The 
piston seat encloses a second effective inner area at least approximately equal to 
the first effective inner area of the section of the seal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic side cross-sectional view of a valve in accordance 
with one embodiment of the invention. 

Figure 2 is an enlarged schematic side cross-sectional view of a portion of 
the valve of Figure 1 . 
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FiyUMB l ^s^S0hS^1iafffc side cross-sectional view ot a vaive in accordance 
with another embodiment of the invention. 

Figure 4 is a schematic side cross-sectional view of a valve in accordance 
with another embodiment of the invention. 

Figure 5 is a schematic side cross-sectional view of a valve for controlling the 
flow of a fluid in accordance with another embodiment of the invention. 

Figure 6 is a schematic side cross-sectional view of a portion of a valve in 
accordance with another embodiment of the invention. 

DETAILED DESCRIPTION 

The present invention is directed toward flow control valves. In the following 
description, numerous specific details are provided, such as particular valve 
configurations, to provide a thorough understanding of and an enabling description 
for embodiments of the invention. Those of ordinary skill in the art, however, will 
recognize that the invention can be practiced without one or more of the specific 
details explained in the following description. In other instances, well-known 
structures or operations are not shown or described in detail to avoid obscuring 
aspects of the invention. 

Figure 1 is a schematic side cross-sectional view of a valve 100 for 
controlling the flow of a fluid in accordance with one embodiment of the invention. 
The valve 100 includes a valve body 102 having an inlet 106, an outlet 108, a flow 
passageway 104 coupling the inlet 106 to the outlet 108, and a cavity 120 
intersecting the flow passageway 104. The valve 100 further includes a hollow 
piston 110 movably disposed within the cavity 120 and a piston seat 150 axially 
aligned with the hollow piston 110. The hollow piston 110 is movable within the 
cavity 120 relative to the piston seat 150 to define an adjustable space between the 
piston 110 and the piston seat 150 through which fluid can flow as the fluid moves 
along the flow passageway 104. The movement of the hollow piston 110 relative to 
the piston seat 150 is configured to maintain a constant fluid flow rate through the 
valve 100 despite changes in the pressure drop across the valve 100, as described 
below in detail. 
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Fijfcjlfte 2 M ife aA ^hi$$s3t schematic side cross-sectionai view of a portion of 
the valve 100 of Figure 1. Referring to both Figures 1 and 2, in the illustrated 
embodiment, the hollow piston 110 has a generally annular configuration and 
includes a head 112 and a sleeve 114 projecting from the head 112. In other 
embodiments, the piston 110 can have other nonannular configurations, such as a 
rectangular, hexagonal, or octagonal shape. The head 112 can have a top surface 
113a, a bottom surface 113b opposite the top surface 113a, an inner surface 113c, 
and an outer surface 113d. The sleeve 114 projects from the bottom surface 113b 
and includes an end portion 116 angled radially inward to form a tapered portion 
that can contact a surface 154 of the piston seat 150 when the valve 100 is closed. 
When the valve 100 is open and fluid is flowing through the flow passageway 104, 
an opening 105 is formed between the end portion 116 of the hollow piston 110 and 
the piston seat 150. As the hollow piston 110 moves within the cavity 120 along an 
axis Xi, the size of the opening 1 05 can change or the opening 1 05 can be closed. 

When fluid is flowing through the valve 100, the pressure of the fluid at the 
inlet 106 is Pi, and the pressure at the outlet 108 is P 3 . As the fluid moves through 
the valve body 102 along the flow passageway 104 and between the inlet 106 and 
outlet 108, the pressure of the fluid in the flow passageway is P 2 . The portion of the 
cavity 120 within the hollow piston 110 is in fluid communication with the outlet 108. 
Accordingly, the pressure of the fluid inside the hollow piston 110 is approximately 
the same as the outlet pressure, namely P 3 . 

The valve 100 further includes a biasing member 160 that exerts a force 
against the hollow piston 110 in a direction parallel to the axis Xi. In the illustrated 
embodiment, the biasing member 160 is a coiled spring positioned around the piston 
110 and has a first end 162 and a second end 164 opposite the first end 162. The 
first end 162 can be carried by a support member 166 and the second end 164 can 
engage the bottom surface 1 13b of the head 1 12 to urge the piston 110 away from 
the piston seat 150. The support member 166 can include a plurality of apertures 
(not shown) so that the portion of the cavity 120 outside of the piston 1 10 is in fluid 
communication with the flow passageway 104. Accordingly, the pressure outside 
the hollow piston 110 is approximately the same as the flow passageway pressure 
P 2 . In additional embodiments, the biasing member 160 and the piston 110 can be 
arranged differently while still biasing the hollow piston 110 away from the piston 
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Wafff SO Pbp6xamp)Je, &Stesing member 160 can be posmonea on the opposite 
side of the head 1 12 of the piston 1 10 to engage the top surface 1 13a of the head 
112. 

In the illustrated embodiment, the valve body 102 further includes a 
removable cover 103 and a piston guide 118 coupled to the cover 103. The cover 
103 can be removed from the valve 100 to assemble and/or service the piston 110, 
the biasing member 160, or any other components in the cavity 120. In one aspect 
of this embodiment, the cover 103 includes an annular channel 109 to selectively 
receive at least a portion of the head 112 of the piston 110. The piston guide 118 
projects from the cover 103 and can be received in the hollow piston 110 to guide 
the piston 110 as it moves along the axis Xi. The piston guide 118 can include an 
outer wall 119 and a rim 1 17 projecting from the outer wall 1 19 to prevent the piston 
1 1 0 from moving transverse to the axis Xi. 

In another embodiment, transverse movement of the piston 110 relative to 
axis Xi is prevented by an elongated guide post 193 (shown in broken lines in 
Figure 2) securely attached to the valve body 102. The piston 110 can include a 
cap 191 (shown in broken lines in Figure 2) extending radially inward from the 
sleeve 114 and the post 193 slideably extends through a central aperture in the cap 
191. The cap 191 can include a plurality of apertures 192 so that fluid can flow 
freely through the cap 191 to and from the portion of the cavity 120 within the piston 
110, Accordingly, when the piston 110 moves axially, the cap 191 slides axially 
along the post with virtually no piston movement transverse to the axis Xl 

In the illustrated embodiment, the valve 100 also includes a seal 130 that 
divides the cavity 120 into a first chamber 122 and a second chamber 124. The seal 
130 can be a diaphragm seal with a perimeter portion 132 anchored to the cover 
103, a central portion 134 attached between the cover 103 and the piston guide 
118, and an annular portion 136 extending between the perimeter and central 
portions 132 and 134. The seaFs annular portion 136 separates the fluid in the first 
chamber 122 from the fluid in the second chamber 124. The annular portion 136 
can be made of a flexible material, such as rubber, fabric coated rubber, Mylar®, 
metal foil, or another suitable material so that the pressure in the second chamber 
124 can force the annular portion 136 against the head 112 of the piston 110. 
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Gc^siee|ueflffl^ 136 can remain in contau wun the head 112 as 

the piston 1 1 0 moves along the axis Xi. 

In one aspect of this embodiment, the annular portion 136 of the seal 130 is 
configured to drape over the head 112 of the piston 110 to allow for the axial 
movement of the piston 110. The annular portion 136 can include a first convolution 

137 position along the outside of the piston's head 112 and a second convolution 

138 positioned along the inside of the head 112. The first and second convolutions 
137 and 138 are sized to allow the piston to move axially along its entire stroke, 
while providing a fairly minimal spring-like resistance to the annular portion 136 of 
the seal 130. 

As indicated above, the inside of the hollow piston is exposed to the fluid 
pressure P 3 . Accordingly, the second convolution 138 of the seal's annular portion 
136 is also exposed to a force from P 3 in one direction. The lower end portion 116 
of the hollow piston 110 is tapered so as to provide a surface within the hollow 
piston 110 that is also exposed to an equal but opposite force from P 3 in the 
direction away from the second convolution 138. Accordingly, the tapered lower end 
portion 116 of the hollow piston 110 simplifies the force balance within the valve 
100, as discussed in greater detail below. In other embodiments, the valve 100 may 
include two seals or other types of seals. For example, in one embodiment, the 
valve can include a first O-ring to seal the gap between the head 112 and the valve 
body 102 outside of the piston 110 and a second O-ring to seal the gap between the 
head and the valve body inside of the piston. 

The desired constant fluid flow rate through the valve 100 is controlled by a 
flow throttle 190 positioned in the flow passageway 104. The flow throttle 190 
includes an opening 192 to selectively permit fluid to flow from the inlet 106 to the 
cavity 120. The flow throttle 190 is coupled to a rotatable stem 194 so that the flow 
throttle 190 and stem 194 can rotate as a unit to move the opening 192 relative to 
the flow passageway 104, such that the fluid flow therethrough is varied. 

The valve body 102 further includes a reference pressure passageway 180 in 
fluid communication with the inlet 106 and the second chamber 124. The pressure 
in the second chamber 124 is therefore approximately the same as the inlet 
pressure Pi. The inlet pressure Pi consequently determines the force the fluid in 
the second chamber 124 exerts against the annular portion 136 of the seal 130 
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tetweerillSrBe^ wail 1*1 tf the cavity 120 and the outer wan 1 19 of the piston 
guide 118. The pressure P 2 in the flow passageway 104 determines the force that 
the fluid outside of the hollow piston 110 exerts on the first convolution 137 of the 
seal 130 and the hollow piston 110. The outlet pressure P 3 determines the forces 
that the fluid inside the piston seat 150 and the fluid inside the hollow piston 110 
exert on the second convolution 138 of the seal 130 and on the hollow piston 1 10. 

During operation of the valve 100 in a fluid system, the outlet pressure P 3 can 
fluctuate as a result of other forces acting on the fluid system. The control valve 
100, however, is configured so that changes in the pressure drop across the valve 
100 do not change the flow rate, thereby providing a constant fluid flow through the 
valve 100. This constant flow configuration that is independent of the outlet 
pressure P 3 is demonstrated by the following force balance equation: 

Pi (Aouter" Ainrver) = P2 (Aouter " Aseat) + KsprJng*X S prlng + Ksea*Xseal + P3 (Aseat " Ai nne r) 

where 

Aouter = area enclosed by the midpoint of the first convolution 1 37 of the seal 1 30 

Ainner = area enclosed by the midpoint of the second convolution 138 of the seal 130 

A^t = effective area enclosed by the piston seat 150 

Kspring = spring constant of the biasing member 160 

Xspring = deflection of the biasing member 160 

Kseai = spring constant of the seal 130 

X S eai = movement of the seal 130 

The effective area As ea t is defined by the position at which the pressure in the 
fluid flow changes from P 2 to P 3 between the end portion 1 16 of the piston 110 and 
the piston seat 150. The position at which the fluid pressure changes from P 2 to P 3 
can vary radially across the fluid flow between the end portion 116 and the piston 
seat 150. For example, the position at which the fluid pressure changes from P 2 to 
P 3 at a midpoint between the end portion 116 and the piston seat 150 is generally 
radially inward from the position at which the pressure changes from P 2 to P 3 
proximate to the end portion 116. Moreover, the effective area A^at enclosed by the 
piston seat 150 can change slightly as fluid flows between the end portion 116 and 
the piston seat 1 50 because the fluid flow rate, the position of the piston 1 1 0 relative 
to the piston seat 150, and other factors can influence the effective area A sea t. If, 
however, the difference between Aouter and A jn ner is large, the changes in the effective 
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anfca AmJHHDMs siigoiTimamt Accordingly, embodiments of ine vaive can have the 
seal 130 with the annular area several times larger than the piston seat area. 
Moreover, if the piston seat 150 encloses a large area and the travel of the piston 
110 is reduced, the changes in the effective area A sea t are less significant. In one 
embodiment, the seal 130 is selected with a spring constant Ks ea i significantly 
smaller than the spring constant Kspring of the biasing member 160 so that the force 
represented by Kseai*Xs ea i is insignificant in the above-mentioned force balance 
equation. 

In other embodiments, Aouter and Amner can change as the piston 110 moves 
along the axis Xi. For example, in one embodiment, the piston guide 118 can be 
tapered so that the diameter of the piston guide 118 proximate to the cover 103 is 
greater than the diameter of the guide 118 proximate to the rim 117. In this 
embodiment, the midpoint of the second convolution 138 of the seal 130 moves 
laterally in a direction perpendicular to the axis and therefore changes Amner, as 
the piston 110 moves along the axis Xi. Similarly, in an additional embodiment, the 
diameter of the cavity 120 can change between the cover 103 and the support 
member 166. In this embodiment, the midpoint of the first convolution 137 of the 
seal 130 moves laterally in a direction perpendicular to the axis X^ and therefore 
changes Aouter, as the piston 110 moves along the axis Xi. In additional 
embodiments, the sleeve 114 and/or the head 1 12 of the piston 1 10 can be tapered. 

In one aspect of the illustrated embodiment, the area Ainner enclosed by the 
midpoint of the second convolution 138 of the seal 130 is substantially equal to the 
effective area A sea t enclosed by the piston seat 1 50. If A i nner=A 5e at 1 then the effect of 
P 3 is negated, and the force balance equation can be simplified to: 

Pi (Aouter " Ainner) = P2 (Aouter " Aj nne r) + Kspring*Xspnng Kseal Xseal 

The above equation can be rewritten as follows: 

(Pi " P2) = (Kspr!ng*X S pring + Kseal*Xg e al)/( Aouter" Ajnner) 

The biasing member 160 and the seal 130 can be selected with suitable 
spring constants K so that a change in P r P 2 causes a corresponding deflection X in 
the biasing member and the seal that results in a constant fluid flow. Accordingly, 
P1-P2 controls the fluid flow rate across the flow throttle 190, the biasing member 
160 acts to maintain the constant flow rate through the valve 100, and the effect of 
the outlet pressure P 3 on the flow rate is substantially eliminated. Thus, the valve 
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fOOTEatiMOT fluid flow rate in both high pressure, low volume 

environments and low pressure, high volume environments despite changes in the 
pressure drop across the valve 100. The illustrated valve 100 is advantageous for 
applications in which there is a need for a constant fluid flow rate in an environment 
with a dynamic outlet pressure. Prior art valves have not been able to successfully 
eliminate the effect of the outlet pressure on fluid flow rate in many fluid flow 
configurations or environments. The illustrated valve 100 is also advantageous for 
applications that have a high line pressure because the outlet pressure P 3 acts 
along the axis Xi against a small area of the piston 110. Accordingly, the piston 110 
is not subjected to high compressive loads. 

In additional embodiments, the valve 100 may further include a restriction 182 
(shown schematically in hidden lines in Figure 1) in the reference pressure 
passageway 180 to limit the flow rate of fluid flowing into or out of the second 
chamber 124. Limiting the flow rate into and out of the second chamber 124 slows 
the response of the piston 110 to changes in pressure. In certain applications, it 
may be advantageous to slow the movement of the piston 1 1 0 in response to a 
change in pressure. For example, when the valve 100 experiences a large increase 
in pressure at the inlet 106, the fluid in the second chamber 124 exerts a 
correspondingly large force on the piston 110, which may cause the piston 110 to 
overshoot the equilibrium position and hit the piston seat 150. Consequently, the 
piston 110 oscillates back-and-forth within the cavity 120 as the biasing member 
160 exerts a force on the piston 110 to urge the piston 110 back toward the 
equilibrium position. The oscillation of the piston 110 may cause fluid oscillations 
and water hammer effects, in which the fluid flow rate through the valve 110 
changes rapidly. The restriction 182 in the reference pressure passageway 180 can 
accordingly reduce fluid oscillations and water hammer effects in the valve 100. 

Figure 3 is a schematic side cross-sectional view of a valve 200 for 
controlling the flow of a fluid in accordance with another embodiment of the 
invention. The valve 200 operates in a similar manner and has similar internal 
components as the valve 100 described above with reference to Figures 1-2. The 
valve 200, however, has internal components that are substantially axially aligned 
and removable as a single unit from the valve body for easy replacement, 
maintenance, or repair. The valve 200 of the illustrated embodiment includes a 
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petpftWSm | liratiMm206 l an outlet 208, a flow pa»say«way 204 coupling 
the inlet 206 to the outlet 208, and a cavity 220 intersecting the flow passageway 
204. A piston seat 150 is connected to the valve body 202 within the flow 
passageway 204 at a selected distance upstream from the outlet 208. The internal 
components of the valve 200 include a hollow piston 110 axially aligned with the 
piston seat 150 and movably disposed within the cavity 220. A biasing member 160 
engages the piston 110 and urges the piston 110 away from the piston seat 150. A 
seal 230 is positioned to separate the cavity 220 into a first chamber 222 and a 
second chamber 224. The seal 230 includes a perimeter portion 232, a central 
portion 234, and an annular portion 236 extending between the perimeter and 
central portions 232 and 234. The portion of the cavity 220 enclosed by the piston 
110 is in fluid communication with the outlet 208, and accordingly, the pressure 
inside the piston 1 1 0 is approximately equal to the outlet pressure P 3 . 

A removable cover 203 is attached to the valve body 202 to cover an opening 
to the cavity 220 and enclose the valve's internal components within the valve body 
202. Accordingly, the valve's internal components can be easily and quickly 
accessed or removed from the valve body 202 upon removing the valve cover 203. 
The valve body 202 further contains a first support member 270, a second support 
member 266 configured to carry the biasing member 160, and a piston guide 218 
configured to guide the piston 110 along an axis X 2 . In the illustrated embodiment, 
the perimeter portion 232 of the seal 230 is anchored between the first and second 
support members 270 and 266, and the central portion 234 of the seal 230 is 
sandwiched between the piston guide 218 and the first support member 270. 
Accordingly, the support members 266 and 270, the piston guide 218, and the 
annular portion 236 of the seal 230 define the second chamber 224. 

The valve 200 further includes a fixed plate 296 attached to the first support 
member 270 and a flow throttle 290 positioned proximate to the fixed plate 296 to 
control the desired fluid flow rate through the flow passageway 204. The fixed plate 
296 and the first support member 270 include a plurality of apertures 297 arranged 
sequentially in a generally circular configuration. The flow throttle 290 also includes 
a plurality of apertures 292 arranged sequentially in a generally circular 
configuration. A stem 294 rotates the flow throttle 290 to align the apertures 292 
with corresponding apertures 297 in the fixed plate 296 and the first support 
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pmtlKrtfm Vlfflr& WHWow from the flow passageway 204 to the cavity 220. 
The degree to which the apertures 292 and 297 are aligned controls the rate of fluid 
flow through the valve 200. The flow throttle 290 can create a pressure differential 
such that the pressure P 2 in the cavity 220 outside the hollow piston 110 is different 
than the inlet pressure Pi. In other embodiments, the flow throttle can have other 
configurations to control the fluid flow through the valve. 

The valve 200 also includes a reference pressure passageway 280 that 
extends through the stem 294 and the first support member 270. The reference 
pressure passageway 280 is in fluid communication with the second chamber 224 
and the flow passageway 204. The pressure in the second chamber 224 is 
therefore approximately equal to the inlet pressure Pi. The inlet pressure Pi 
consequently determines the force that the fluid in the second chamber 224 exerts 
against the annular portion 236 of the seal 230. 

The valve 200 in this alternate embodiment also operates based on the 
following force balance equation: 

Pi (Aouter ' Ainner) = ?2 (Aouter - Aseat) + Kspring*X sp ring + Ksea *X S eaI + P3 (Aseat - Anner) 

where 

Aouter = area enclosed by the midpoint of the first convolution of the seal 230 

Amner = area enclosed by the midpoint of the second convolution of the seal 230 

Aseat = effective area enclosed by the piston seat 150 

Kspring = spring constant of the biasing member 160 

Xspring = deflection of the biasing member 160 

Kseai = spring constant of the seal 230 

X S e a i = movement of the seal 230 

In one aspect of the illustrated embodiment, the area A inn er enclosed by the 
midpoint of the second convolution of the seal 230 is equal to the area As ea t 
enclosed by the piston seat 150. If A ]nn er=Aseat, then the effect of P 3 is negated, and 
the force balance equation can be simplified to: 

Pi (Aouter - Ajnner) = P2 (Aouter " Ainner) + Kspring*X S pring + Kseal*X se al 

This force balance equation can be rewritten as follows: 

(Pi - P2) = (Kspring*Xspring + Ksea*X S cal)/( Aouter - Aj nn er) 

Accordingly, the pressure drop between Pi and P 2 controls the fluid flow rate, and 
the biasing member 160 acts to maintain the constant flow through the valve 200, as 
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j]di§cDp£egp$^^ effect of fluctuations in the pressure drop across 

the valve 200 on the fluid flow rate is substantially eliminated. 

Figure 4 is a schematic side cross-sectional view of a valve 300 for 
controlling the flow of a fluid in accordance with another embodiment of the 
invention. The valve 300 operates in a similar manner to the valves 100 and 200 
described above with reference to Figures 1-3 to provide a constant flow rate 
independent of changes in the pressure drop across the valve 300. In this 
illustrated alternate embodiment, the valve 300 includes a valve body 302 having an 
inlet 306, an outlet 308, a flow passageway 304 coupling the inlet 306 to the outlet 
308, and a cavity 320 intersecting the flow passageway 304. The valve 300 further 
includes a piston assembly 310 having a poppet 312, a shaft 314 coupled to the 
poppet 312, a plurality of branches 316 coupled to the shaft 314, and a hollow 
piston body 318 coupled to the branches 316. The piston assembly 310 is movable 
as a unit along an axis X3 to maintain a constant flow of fluid through the valve 300. 
The valve body 302 has a seat 350 positioned adjacent to the poppet 312 such that 
the poppet 312 can move axially relative to the seat 350. More specifically, the 
poppet 312 can selectively move axially away from the seat 350 to permit fluid to 
flow through the flow passageway 304, as described in detail below. When the 
valve 300 is closed, the poppet 312 sealably engages the seat 350 and prevents 
fluid flow through the valve 300. The valve body 302 includes a plurality of piston 
guides 315 to guide the shaft 314 and prevent the piston assembly 310 from moving 
transverse to the axis X3. The branches 316 can be discrete members spaced apart 
from each other around the axis X3 to allow fluid to flow between them. 

The valve 300 further includes a biasing member 360 and a seal 330 dividing 
the cavity 320 into a first chamber 322 and a second chamber 324. The biasing 
member 360 and the hollow piston body 318 are disposed in the second chamber 
324 with the biasing member 360 positioned to urge the hollow piston body 318 
toward the first chamber 322. The seal 330 includes perimeter and central portions 
332 and 334 coupled to the valve body 302 and an annular portion 336 between the 
perimeter and central portions 332 and 334. The annular portion 336 can be 
disposed between the branches 316 and the hollow piston body 318. Alternatively, 
the branches 316 can be attached to the hollow piston body 318 and the annular 
portion 336 can include apertures to receive the corresponding branches 316. The 
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PTD*P1WM mS IfeilUHMBhe fluid in the first chamber Zzz Trom the fluid in the 
second chamber 324. The valve body 302 further includes a removable cover 303 
that defines part of the second chamber 324. 

The valve 300 further includes a flow throttle 390 and a reference pressure 
passageway 380 in fluid communication with the outlet 308 and the second chamber 
324. The pressure in the second chamber 324 is therefore approximately equal to 
the outlet pressure P 3 . The outlet pressure P 3 consequently determines the force 
that the fluid in the second chamber 324 exerts against the annular portion 336 of 
the seal 330 and the hollow piston body 318 between an outer wall 325a and an 
inner wall 325b of the second chamber 324. The inlet pressure Pt in the first 
chamber 322 determines the force the fluid exerts on the annular portion 336 of the 
seal 330 and a first side 313a of the poppet 312. The pressure P 2 in the flow 
passageway 304 between the poppet 312 and the flow throttle 390 determines the 
force the fluid exerts on a second side 313b of the poppet 312. Accordingly, the 
valve 300 operates based on the following force balance equation: 

P3 (Aouter ** Ainner) + Kspring*Xspring + Kse a |*X S eal = Pi (A 0 uter " Ajnner) " Aseat (P3 " P2) 

where 

Aouter = area enclosed by the midpoint of the portion of the seal 330 between the 
piston body 318 and the valve body 302 

A^ner = area enclosed by the midpoint of the portion of the seal 330 between the 

piston body 318 and the piston guide 

A S eat = effective area enclosed by the piston seat 350 

faring = spring constant of the biasing member 360 

Xspring = deflection of the biasing member 360 

K S eai = spring constant of the seal 330 

X S e a i = movement of the seal 330 

One feature of the illustrated embodiment is that the area A lnne r enclosed by 
the midpoint of the portion of the seal 330 between the piston body 318 and the 
piston guide is approximately equal to the area A*** enclosed by the piston seat 
350. In this configuration, the outlet pressure P 3 may not be fully eliminated. In low 
pressure drop configurations, however, the hollow piston body 318 provides a 
reduced area on which the outlet pressure P 3 acts, so that the effect of fluctuations 
in the outlet pressure P 3 at low pressure drops is minimal. One aspect of the 
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PllfiJUrato© W SrtKBdlsliliiint is that the area defined by /w can be much larger 
than Aseat, which provides for consistent and reliable performance of the valve 300, 
particularly at lower pressure drops. Another advantage of this feature is the 
improved fluid dynamics of the constant flow through the cavity 320 at low pressure 
drops. 

Figure 5 is a schematic side cross-sectional view of a valve 400 for 
controlling the flow of a fluid in accordance with another embodiment of the 
invention. The valve 400 is generally similar to the valve 100 described above with 
reference to Figures 1-2. For example, the valve 400 includes a valve body 102 
having an inlet 106, an outlet 108, a flow passageway 104 coupling the inlet 106 to 
the outlet 108, and a cavity 120 intersecting the flow passageway 104. The valve 
400 further includes a hollow piston 410 movably disposed within the cavity 120 and 
a piston seat 150 axially aligned with the hollow piston 410. The hollow piston 410 
includes a head 412, a sleeve 414 projecting from the head 412, a cap 417 
extending radially inward from the sleeve 414, and a post 419 coupled to the cap 
417. The sleeve 414 can have a first portion 415a with a first diameter and a 
second portion 415b with a second diameter less than the first diameter. The 
second portion 415b of the sleeve 414 can include an end portion 416 that projects 
beyond the cap 417 to selectively engage the piston seat 150. The end portion 416 
can have a bevel tapered inwardly. The cap 417 includes a plurality of apertures 
418 so that fluid can flow freely through the cap 417 to and from the portion of the 
cavity 120 within the hollow piston 410. The valve body 102 also has a guide 413 
configured to receive the post 419 to prevent the piston 410 from moving transverse 
to an axis Xv In other embodiments, the piston 410 can have other configurations, 
such as a configuration that does not include the end portion 416 projecting beyond 
the cap 417. 

Figure 6 is a schematic side cross-sectional view of a portion of a valve 500 
in accordance with another embodiment of the invention. The valve 500 is generally 
similar to the valves 100 and 400 described above with reference to Figures 1, 2 
and 5. For example, the valve 500 includes a valve body 502 with a cavity 520, a 
hollow piston 510 movably disposed within the cavity 520, and a piston seat 550 
aligned with the piston 510. The hollow piston 510 includes a head 512 and a 
sleeve 514 projecting from the head 512. The sleeve 514 has a first portion 515a 
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jjiHijjh ^ji^^jj^O?^^ §IDS' I1 %^£L c iSf lc ' P ortion 51 5b with a secono diameter less than the 
first diameter. The length and diameter of the second portion 515b can be sized so 
that a section of the second portion 515b is received within the piston seat 550 
throughout the stroke of the piston 510. As such, the piston seat 550 acts to guide 
the piston 510 and reduce movement in a direction transverse to the axis Xi. 

The illustrated valve 500 further includes a plurality of stops 556 (two are 
shown in Figure 6) to limit the range of motion of the piston 510. The stops 556 can 
be attached to a surface 551 of the piston seat 550 and positioned so that when the 
valve 500 is closed, the stops 556 contact a surface 514a at the junction of the first 
and second portions 515a and 515b of the sleeve 514. In addition to limiting the 
stroke of the piston 510, the stops 556 prevent the sleeve 514 from colliding with the 
piston seat 550 and damaging the valve 500. Moreover, the stops 556 can prevent 
the piston 510 from forming a complete seal with the piston seat 550 and jamming or 
binding in a closed position under certain conditions. In other embodiments, 
however, the valve 500 may not include stops 556. 

The illustrated second portion 515b of the sleeve 514 includes a plurality of 
legs 516 defining openings 505 through which fluid can flow. The legs 516 and 
openings 505 can have various shapes and configurations. For example, the 
illustrated legs 516 include a tapered portion 517 and a rectangular portion 518 
projecting from the tapered portion 517. The tapered portion 517 has a first 
dimension D lf and the rectangular portion 518 has a second dimension D 2 less than 
the first dimension Dl As the piston 510 moves along the axis Xi and approaches 
the closed position, the tapered portion 517 of the legs 516 reduces the lateral size 
of the openings 505 through which fluid flows. Accordingly, one feature of the 
illustrated valve 500 is that the lateral size of the openings 505 is reduced over a 
final portion of the stroke of the piston 110. This feature reduces the rate at which 
the area of the openings 505 decreases as the valve 500 closes. As such, the valve 
500 closes less abruptly than conventional valves without this feature. 
Advantageously, this feature reduces fluid flow oscillations and water hammer 
effects that are caused by a sudden change in the size of the openings 505. 

The valve 500 further includes a biasing member 560 for exerting a force 
against the piston 510 in a direction parallel to the axis Xi. The head 512 of the 
piston 510 can include a channel 513 for receiving one end of the biasing member 
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569 9ncf M0IMO4 in Ihfc sralwe body 502 can support the ouier end of the member 
560. Alternatively, the head 512 may not include a channel, and a bottom surface of 
the head may contact the biasing member 560, as described above with reference 
to Figure 2. 

From the foregoing, it will be appreciated that specific embodiments of the 
invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. For example, many of the elements of one embodiment can be combined 
with the other embodiments in lieu of or in addition to the elements of the other 
embodiments. Accordingly, the invention is not limited except as by the appended 
claims. 
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We claim: 

1 . A flow control valve for providing a substantially constant flow of fluid 
through the valve, comprising: 

a valve body having an inlet, an outlet, a flow passageway coupling the inlet 
to the outlet, and a cavity intersecting the flow passageway; 

a hollow piston movably disposed in the cavity adjacent to the flow 
passageway; 

a seal positioned in the cavity proximate to the piston and sealably separating 
the cavity into first and second chambers, the seal having at least a 
section exposed to the fluid in the first chamber, the section of the seal 
defining a first effective inner area within the hollow piston; 

a biasing member configured to urge the hollow piston; 

a reference pressure passageway in fluid communication with the inlet and 
the second chamber; and 

a member positioned at least proximate to the piston and the flow 
passageway, the member having an orifice with a second inner 
effective area at least approximately equal to the first effective inner 
area defined by the section of the seal, the piston being movable 
relative to the member to vary a portion of the flow passageway. 

2. The valve of claim 1 wherein the hollow piston includes a head 
configured to contact the seal and a sleeve projecting from the head, the sleeve 
having an end portion adjacent to the member. 

3. The valve of claim 1 wherein the hollow piston, the seal, and the 
biasing member form internal components of the valve, and wherein the internal 
components are removable as a unit. 
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Tifte vaivB ©f claim 1 wherein the seal is a aiapnragm seal having 
central and perimeter portions coupled to the valve body and an annular portion 
between the central and perimeter portions, the annular portion being positioned to 
contact a portion of the hollow piston. 

5. The valve of claim 1 wherein the piston includes a head, and wherein 
the seal is a diaphragm seal having a first convolution radially outside the head and 
a second convolution radially inside the head. 

6. The valve of claim 1 wherein the seal is a first seal between the valve 
body and hollow piston radially inside of the piston, and wherein the valve further 
comprises a second seal between the valve body and the hollow piston radially 
outside of the piston. 

7. The valve of claim 1 wherein the hollow piston includes a sleeve with 
an end portion projecting radially inward. 

8. The valve of claim 1 wherein the inlet is exposed to the fluid under a 
first pressure and the outlet is exposed to the fluid under a second pressure, the 
valve body, the piston, the seal, the biasing member, and the member being sized 
and configured to provide a fluid flow through the flow passageway with a 
substantially constant flow rate independent of fluctuations in the second pressure 
at the outlet. 

9. The valve of claim 1 wherein the biasing member is a coiled spring. 

1 0. The valve of claim 1 wherein the biasing member is configured to urge 
the hollow piston in a first direction, and wherein the valve further comprises a guide 
post disposed at least partially in the cavity and configured to reduce movement of 
the piston in a second direction transverse to the first direction. 
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Tito© vdllve jbfl <$aim 1 wherein the hollow piston includes a head 
positioned to contact the seal and a sleeve projecting from the head, the sleeve 
having a first portion with a first diameter and a second portion with a second 
diameter different than the first diameter, the second portion being sized and 
positioned so that at least a section of the second portion is movable within the 
orifice of the member throughout at least a portion of a stroke of the piston. 

12. The valve of claim 1 1 wherein the first portion of the sleeve is between 
the head and the second portion of the sleeve, wherein the first diameter is greater 
than the second diameter, and wherein the valve further comprises at least one stop 
attached to the member to limit the range of motion of the piston. 

13. The valve of claim 11 wherein the second portion is sized and 
positioned so that the at least a section of the second portion is movable within the 
orifice of the member throughout the stroke of the piston. 

14. The valve of claim 1 wherein the hollow piston includes a head 
positioned to contact the seal and a sleeve projecting from the head, the sleeve 
having a first portion with a first diameter and a second portion with a second 
diameter different than the first diameter, the second portion having a plurality of 
legs defining openings through which fluid flows. 

15. The valve of claim 14 wherein the piston is movable along an axis, and 
wherein the individual legs have a proximal portion with a first dimension transverse 
to the axis and a distal portion with a second dimension transverse to the axis, the 
second dimension being less than the first dimension to reduce the rate at which the 
area of the openings decreases as the valve closes. 

16. The valve of claim 1 wherein the reference pressure passageway 
includes a restriction to limit the fluid flow rate between the second chamber and the 
inlet. 
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fflj ftetW &<fflW$mive for providing a substantially constant flow of fluid 
through the valve, comprising: 

a valve body having an inlet, an outlet, a flow passageway coupling the inlet 

to the outlet, and a cavity intersecting the flow passageway; 
a hollow piston movably disposed within the cavity; 

a seal separating the cavity into first and second chambers, the second 
chamber having a generally annular configuration with an effective 
inner diameter; 

a biasing member configured to urge the hollow piston toward the second 
chamber; 

a reference pressure passageway in fluid communication with the inlet and 

the second chamber; and 
a piston seat positioned at least proximate to the piston and the flow 

passageway, the piston seat having an effective inner diameter at 

least approximately equal to the effective inner diameter of the second 

chamber. 

18. The valve of claim 17 wherein the seal is a diaphragm seal having 
center and perimeter portions coupled to the valve body and an annular portion 
between the center and perimeter portions positioned to contact the hollow piston. 

19. The valve of claim 17 wherein the seal includes a first convolution 
radially outside the piston and a second convolution radially inside the piston. 

20. The valve of claim 17 wherein the seal includes a first seal between 
the valve body and the hollow piston radially outside of the piston, and wherein the 
valve further comprises a second seal between the valve body and the hollow piston 
radially inside of the piston. 

21. The valve of claim 17 wherein the hollow piston includes a head 
adjacent to the seal and a sleeve projecting from the head, the sleeve having an end 
portion adjacent to the piston seat. 
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22„ The valve of claim 17 wherein the hollow piston, the seal, and the 
biasing member form internal components of the valve, and wherein the internal 
components are removable as a unit. 

23. The valve of claim 17 wherein the inlet is exposed to the fluid under a 
first pressure and the outlet is exposed to the fluid under a second pressure, the 
valve body, the piston, the seal, the biasing member, and the piston seat being 
sized and configured to provide a fluid flow through the flow passageway with a 
substantially constant flow rate independent of fluctuations in the second pressure 
at the outlet. 

24. The valve of claim 17 wherein the hollow piston includes a head 
positioned to contact the seal and a sleeve projecting from the head, the sleeve 
having a first portion with a first diameter and a second portion with a second 
diameter different than the first diameter, the second portion being sized and 
positioned so that at least a section of the second portion is movable within the 
piston seat throughout at least a portion of a stroke of the piston. 

25. The valve of claim 24 wherein the first portion of the sleeve is between 
the head and the second portion of the sleeve, wherein the first diameter is greater 
than the second diameter, and wherein the valve further comprises at least one stop 
attached to the piston seat to limit the range of motion of the piston. 

26. The valve of claim 24 wherein the second portion is sized and 
positioned so that the at least a section of the second portion is movable within the 
piston seat throughout the stroke of the piston. 

27. The valve of claim 17 wherein the hollow piston includes a head 
positioned to contact the seal and a sleeve projecting from the head, the sleeve 
having a first portion with a first diameter and a second portion with a second 
diameter different than the first diameter, the second portion having a plurality of 
legs defining openings through which fluid flows. 
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?8| The valve of claim 27 wherein the piston is movable along an axis, and 
wherein the individual legs have a proximal portion with a first dimension transverse 
to the axis and a distal portion with a second dimension transverse to the axis, the 
second dimension being less than the first dimension to reduce the rate at which the 
area of the openings decreases as the valve closes. 

29. The valve of claim 17 wherein the reference pressure passageway 
includes a restriction to limit the fluid flow rate between the second chamber and the 
inlet. 

30. A flow control valve, comprising: 

a valve body having an inlet, an outlet, a flow passageway coupling the inlet 
to the outlet, and a cavity intersecting the flow passageway, the cavity 
having a first chamber and a second chamber; 

a hollow piston disposed within the first chamber; 

a diaphragm seal configured to engage the piston, the diaphragm seal having 
a first convolution radially outside the piston and a second convolution 
radially inside the piston, the second convolution having a midpoint 
circumscribing a first effective inner area, the diaphragm seal 
separating the first and second chambers; 

a biasing member configured to urge the hollow piston toward the second 
chamber; 

a reference pressure passageway in fluid communication with the inlet and 

the second chamber; and 
a piston seat positioned at least proximate to the piston, the piston seat 

surrounding a second effective inner area at least approximately equal 

to the first effective inner area. 

31. The valve of claim 30 wherein the hollow piston, the seal, and the 
biasing member form internal components of the valve, and wherein the internal 
components are removable as a unit. 


-22- 


WO 2005/005841 PCT7US2004/0 17182 

32! The valve of claim 30 wherein the hollow piston includes a head 
adjacent to the seal and a sleeve projecting from the head, the sleeve having an end 
portion adjacent to the piston seat. 

33. The valve of claim 30 wherein the inlet is exposed to the fluid under a 
first pressure and the outlet is exposed to the fluid under a second pressure, the 
valve body, the piston, the seal, the biasing member, and the piston seat being 
sized and configured to provide a fluid flow through the flow passageway with a 
substantially constant flow rate independent of fluctuations in the second pressure 
at the outlet. 

34. The valve of claim 30 wherein the hollow piston includes a head 
positioned to contact the seal and a sleeve projecting from the head, the sleeve 
having a first portion with a first diameter and a second portion with a second 
diameter different than the first diameter, the second portion being sized and 
positioned so that at least a section of the second portion is movable within the 
piston seat throughout at least a portion of a stroke of the piston. 

35. The valve of claim 34 wherein the first portion of the sleeve is between 
the head and the second portion of the sleeve, wherein the first diameter is greater 
than the second diameter, and wherein the valve further comprises at least one stop 
attached to the piston seat to limit the range of motion of the piston. 

36. The valve of claim 34 wherein the second portion is sized and 
positioned so that the at least a section of the second portion is movable within the 
piston seat throughout the stroke of the piston. 
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37 The valve of claim 30 wherein the hollow piston includes a head 
positioned to contact the seal and a sleeve projecting from the head, the sleeve 
having a first portion with a first diameter and a second portion with a second 
diameter different than the first diameter, the second portion having a plurality of 
legs defining openings through which fluid flows. 

38. The valve of claim 37 wherein the piston is movable along an axis, and 
wherein the individual legs have a proximal portion with a first dimension transverse 
to the axis and a distal portion with a second dimension transverse to the axis, the 
second dimension being less than the first dimension to reduce the rate at which the 
area of the openings decreases as the valve closes. 

39. The valve of claim 30 wherein the reference pressure passageway 
includes a restriction to limit the fluid flow rate between the second chamber and the 
inlet. 

40. A flow control valve for providing a substantially constant flow of fluid 
through the valve, comprising: 

a valve body having an inlet, an outlet, a flow passageway coupling the inlet 

to the outlet, and a cavity intersecting the flow passageway; 
a hollow piston; 

a diaphragm seal having a perimeter portion, a central portion, and an 
annular portion between the perimeter and central portions, the 
annular portion having an effective inner diameter, the diaphragm seal 
separating the cavity into a first chamber and a second chamber, the 
hollow piston being disposed in the first chamber at least proximate to 
the annular portion; 

a biasing member configured to urge the hollow piston toward the second 
chamber; 

a reference pressure passageway in fluid communication with the inlet and 
the second chamber; and 
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a (p^onfissat'eawfiBMd to selectively engage the hollow piston, the piston 
seat having an effective inner diameter at least approximately equal to 
the effective inner diameter of the annular portion of the diaphragm 
seal. 

41. The valve of claim 40 wherein the annular portion of the diaphragm 
seal comprises a first convolution radially outside the hollow piston and a second 
convolution radially inside the piston. 

42. The valve of claim 40 wherein the hollow piston includes a head 
adjacent to the seal and a sleeve projecting from the head, the sleeve having an end 
portion adjacent to the piston seat. 

43. The valve of claim 40 wherein the hollow piston, the seal, and the 
biasing member form internal components of the valve, and wherein the internal 
components are removable as a unit. 

44. The valve of claim 40 wherein the inlet is exposed to the fluid under a 
first pressure and the outlet is exposed to the fluid under a second pressure, the 
valve body, the piston, the seal, the biasing member, and the piston seat being 
sized and configured to provide a fluid flow through the flow passageway with a 
substantially constant flow rate independent of fluctuations in the second pressure 
at the outlet. 

45. The valve of claim 40 wherein the hollow piston includes a head 
positioned to contact the seal and a sleeve projecting from the head, the sleeve 
having a first portion with a first diameter and a second portion with a second 
diameter different than the first diameter, the second portion being sized and 
positioned so that at least a section of the second portion is movable within the 
piston seat throughout at least a portion of a stroke of the piston. 
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•46i Btavalw of otatrai 45 wherein the first portion of the sleeve is between 
the head and the second portion of the sleeve, wherein the first diameter is greater 
than the second diameter, and wherein the valve further comprises at least one stop 
/ attached to the piston seat to limit the range of motion of the piston. 

47. The valve of claim 45 wherein the second portion is sized and 
positioned so that the at least a section of the second portion is movable within the 
piston seat throughout the stroke of the piston. 

48. The valve of claim 40 wherein the hollow piston includes a head 
positioned to contact the seal and a sleeve projecting from the head, the sleeve 
having a first portion with a first diameter and a second portion with a second 
diameter different than the first diameter, the second portion having a plurality of 
legs defining openings through which fluid flows. 

49. The valve of claim 48 wherein the piston is movable along an axis, and 
wherein the individual legs have a proximal portion with a first dimension transverse 
to the axis and a distal portion with a second dimension transverse to the axis, the 
second dimension being less than the first dimension to reduce the rate at which the 
area of the openings decreases as the valve closes. 

50. The valve of claim 40 wherein the reference pressure passageway 
includes a restriction to limit the fluid flow rate between the second chamber and the 
inlet. 

51. A valve, comprising: 

a valve body having an inlet, an outlet, a flow passageway coupling the inlet 
to the outlet, and a cavity intersecting the flow passageway, the cavity 
having a first chamber and a second chamber, the second chamber 
having a generally hollow configuration; 

a piston assembly including a hollow piston body, a support member coupled 
to the hollow piston body, and a poppet coupled to the support 
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iswnbei, thfe : h0ilow piston body being disposed in the second 
chamber, the support member and the poppet being disposed in the 
first chamber; 

a seal having a hollow section separating the first and second chambers, the 

hollow section having a first effective inner area; 
a biasing member configured to urge the hollow piston body toward the first 

chamber; 

a reference pressure passageway in fluid communication with the outlet and 

the second chamber; and 
a piston seat positioned to selectively engage the poppet, the piston seat 

enclosing a second effective inner area at least approximately equal to 

the first effective inner area. 

52. The valve of claim 51 wherein the seal is a diaphragm seal having 
central and perimeter portions coupled to the valve body and an annular portion 
between the central and perimeter portions positioned to contact the hollow piston 
body. 

53. The valve of claim 51 wherein the seal is a diaphragm seal coupled to 
the valve body and configured to engage the hollow piston body, the diaphragm seal 
having a first convolution radially outside the hollow piston body and a second 
convolution radially inside the hollow piston body. 

54. The valve of claim 51 wherein the hollow piston body has a generally 
annular configuration. 

55. The valve of claim 51 wherein the seal includes a first seal between 
the outside of the hollow piston body and the valve body, and wherein the valve 
further comprises a second seal between the inside of the hollow piston body and 
the valve body. 
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59 THa v^A/p of #aim 51 wherein the reference pressure passageway 
includes a restriction to limit the fluid flow rate between the second chamber and the 
outlet. 
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